







The ability to accurately classify and document medical conditions has a significant impact on the ability of healthcare stakeholders to evaluate, measure, and react to changes in cost of care, quality of care, and clinical outcomes.  For nearly 35 years, the United States utilized International Classification of Diseases revision 9 clinical modifications, ICD-9-CM, an increasingly antiquated and outdated system to classify diseases and medical procedures. On October 1, 2015, after many delays the Centers for Medicare and Medicaid Services mandated usage of ICD-10-CM and ICD-10-PCS by HIPAA covered entities. The transition process and outcomes of two healthcare delivery organizations located in Western Pennsylvania are profiled and discussed.  The use of the most up-to-date coding system has significant positive implications for evaluation of healthcare delivery in a high reform environment where healthcare organizations are held accountable for providing high quality, low cost care with increasing focus on population health. 
Statement of Public Health Relevance:  The ICD has relevance across the fields of public health and healthcare delivery.  The implementation of ICD-10 provides significant opportunities to advance public health research, public health policy, and healthcare delivery. ICD-10 provides opportunity for greater specificity in diagnosis and procedures. From this data, there is the potential to address many challenges facing the field of public health and healthcare management.
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The healthcare industry in the United States is facing unprecedented disruption amidst rapid change. While healthcare has been slowly changing at least during the past three decades, this reform has been accelerated with the implementation of the Affordable Care Act of 2010. As a result, all stakeholders involved in healthcare including payers, providers, and consumers are seeing the effects.  Millions of new consumers are now able to access healthcare, while new and existing consumers are facing the burden of increased cost-sharing.  Insurers are facing new requirements in regards to increased regulation, increased benefits and inclusion of pre-existing conditions. The overall payor mix has changed with the state expansion of Medicaid. Additionally new models of payments including accountable care organizations and bundled payments are being developed and implemented. The Providers are facing numerous consequential impacts as a result of a changing healthcare environment. Broader implications include a shift towards population health, new reimbursement models emphasizing quality and value, a shift towards outpatient care, meaningful use of healthcare information technology and an overall increased accountability. Increased accountability ensures high quality care, high outcomes, and high patient satisfaction while lowering costs and increasing efficiency.
While all these aforementioned stakeholders (consumers, insurers, and providers) were facing changes in this rapid reform environment which aims to reduce cost, increase access and provide higher quality care with greater effectiveness and efficiency, one of the fundamental underlying systems by which these goals will be measured had yet to updated and accompany these reforms. This system is the International Classification of Diseases (ICD) system which facilitates disease classification and documentation. Without this change, many of these reform efforts would have been hampered by limitations in the ability to accurately and completely document medical conditions. 
1.1	International classification of diseases
The ICD is an established health information system upon which morbidity and mortality statistics are based. The ICD system has a variety of uses in different healthcare related fields, including clinical care delivery, research, healthcare administration, and public health.   The ICD system is used to classify disease diagnoses in the inpatient and outpatient settings as well and to specify medical and surgical procedures. In many countries, including the United States, ICD has been used by payers to determine reimbursement. The ICD system is a global system and has been translated to 43 languages and used by more than 100 countries to monitor health and disease status, report mortality data to the World Health Organization (WHO).  Due to its widespread use, ICD has had an important role in monitoring disease trends. The system has been critical in monitoring incidence of new disease outbreaks such as Ebola hemorrhagic fever and Legionnaires’ disease.​[1]​ It is estimated that 3.5 billion or 70% of the global health expenditures are based on the use of the ICD system.​[2]​ Emerging uses of the ICD system are the analysis of data for population health management which is increasingly utilized to lower healthcare costs and facilitate better healthcare outcomes.1  
What is now called the ICD system has a significant history which dates back to 1893, when the Bertillion Classification of Causes of Death was introduced by the International Statistical Institute. During this time, it was strictly limited to classify mortality from death certificate data. Many countries adopted its use and the system evolved over time with subsequent revisions. In 1948, the World Health Organization took over the responsibility of facilitating the review and update of the ICD system approximately every 10 years. However, implementation of ICD revisions is independent of the WHO with participating countries setting individual timelines for adoption.​[3]​  The most current version of ICD is ICD-10 which was finalized in 1990.2  
Derivative versions of ICD also are used to classify specific types of diseases. In Psychiatry the derivative is the Diagnostic and Statistical Manual of Mental Disorders (DSM).  The current version is DSM-5 finalized in 2013. This system is based on ICD and is developed by the American Psychiatric Association.​[4]​ In the field of Oncology, ICD for Oncology, ICD-O, is used for the classification of neoplastic lesions. ICD-O is also developed and maintained by the World Health Organization. The current version ICD-O-3 was developed and implemented in 2000.​[5]​
1.1.1	ICD-9 and ICD-9 Clinical Modifications   
The previous revision, ICD-9, was published and introduced for use in 1977. Upon introduction in the United States, the ICD-9 was deemed inadequate for routine use in various medical specialties and its associated procedures. Therefore, the National Center for Health Statistics developed clinical modifications (CM) for ICD-9 and ICD-9-CM was subsequently released for use in the United States. These modifications allowed more effective use of ICD-9 in context of epidemiology, research, and healthcare reimbursement. There are three volumes of ICD-9-CM which include one volume for procedure codes, one volume containing diagnosis codes, and one volume containing an index of codes.​[6]​ In the United States, ICD-9-CM was used through end of September 2015.
The structure of diagnostic codes for ICD-9-CM varies based on disease. The assigned ICD-9 code can contain either three, four, or five characters.  Common to the code structure is a three digit core specifying the disease (Tables 1 and 2). A period may follow the core with the fourth character providing additional details and fifth digit providing information of disease subtype.6












Table 1. ICD-9-CM Diagnosis Code Classifications
Three Digit Core	ICD-9-CM Disease Category
001-139	Infectious and Parasitic Diseases
140-239	Neoplasms
240-279	Endocrine, Nutritional and Metabolic Diseases, and Immunity Disorders
280-289	Diseases of the Blood and Blood-Forming Organs
290-319	Mental Disorders
320-389	Diseases of the Nervous System and Sense Organs
390-459	Diseases of the Circulatory System
460-519	Diseases of the Respiratory System
520-579	Diseases of the Digestive System
580-629	Diseases of the Genitourinary System
630-679	Complications of Pregnancy, Childbirth, and the Puerperium
680-709	Diseases of the Skin and Subcutaneous Tissue
710-739	Diseases of the Musculoskeletal System and Connective Tissue
740-759	Congenital Anomalies
760-779	Certain Conditions Originating In the Perinatal Period
780-799	Symptoms, Signs, and Ill-Defined Conditions
800-999	Injury and Poisoning
V01-V91	Supplementary Classification of Factors Influencing Health Status and Contact With Health Services














	The current ICD revision, ICD-10 was finalized by the WHO in May 1990 published for use in 1992. Implementation of ICD-10 varied significantly. The Czech Republic was the first country to adopt ICD-10 in 1993, followed by United Kingdom in 1995, Sweden in 1997, and Australia in 1998. The United States first started using ICD-10 in 1999 to report mortality data to WHO given WHO’s end of support for ICD-9. As with ICD-9, the National Center for Health Statistics developed clinical modifications and the ICD-10-CM was formed.   The ICD-10-CM provides approximately five times greater count of diagnostic codes, compared to its predecessor, with a total of 69,823 codes.1 This is due in part to the fact that ICD-10-CM accounts for many new diseases, and provides greater specificity for a given condition. The increased granularity and specificity is characterized through anatomic laterality, episode of care (initial vs. subsequent), and presence of comorbid medical conditions (Table 4).  The new revision also accounts for changes in healthcare delivery, specifically the increased use of the ambulatory healthcare setting and the presence of managed care.6 
Currently, some form of ICD-10 is in use in 117 countries worldwide.1 The United States was the last country to adopt ICD-10 on October 1, 2015 after many delays due to a variety of factors. One of the factors was the complexity in adaptation to the numerous changes between ICD-9 and ICD-10.
	The coding structure of ICD-10-CM consists of up to seven alphanumeric characters. The first character specifies the category of diagnosis (Table 5). The two additional characters, typically numerals further specify the category.  The following three characters are numbers specifying etiology, anatomic site, severity, and other details.  A seventh character called the extension may be present and may signify a variety of meanings including initial or subsequent encounter, subsequent encounter, and presence of sequelae (Table 6).6,​[7]​





Table 4. Summary of Changes between ICD-9 and ICD-10
ICD-9	ICD-10
Approximately 14,000 codes	Approximately 69,000 codes
3-5 digits	7 digits
No placeholders	“X” placeholders
Limited severity information	Extensive severity information
Does not allow detail and specificity	Allows detail and specificity
Lacks information on laterality (i.e. right or left side of body)	Allows laterality 














Table 5. Categories of ICD-10-CM Diseases
First Character	ICD-10-CM Category
A00-B99	Certain infectious and parasitic diseases	
C00-D49	Neoplasms
D50-D89	Diseases of the blood and blood-forming organs and certain disorders involving the immune mechanism
E00-E89	Endocrine, nutritional and metabolic diseases
F01-F99 	Mental, Behavioral and Neurodevelopmental disorders
G00-G99	Diseases of the nervous system
H00-H59	Diseases of the eye and adnexa
H60-H95	Diseases of the ear and mastoid process
I00-I99	Diseases of the circulatory system
J00-J99	Diseases of the respiratory system
K00-K95	Diseases of the digestive system
L00-L99	Diseases of the skin and subcutaneous tissue
M00-M99	Diseases of the musculoskeletal system and connective tissue
N00-N99	Diseases of the genitourinary system
O00-O9A	Pregnancy, childbirth and the puerperium
P00-P96	Certain conditions originating in the perinatal period
Q00-Q99 	Congenital malformations, deformations and chromosomal abnormalities
R00-R99	Symptoms, signs and abnormal clinical and laboratory findings, not elsewhere classified
S00-T88	 Injury, poisoning and certain other consequences of external causes
V00-Y99 	External causes of morbidity
Z00-Z99	Factors influencing health status and contact with health services


Table 6. Sample Medical Condition utilizing ICD-10-CM
Condition	ICD-9-CM Diagnostic code




Table 7. Categories of ICD-10-PCS Procedure Coding





































Table 9. ICD-10-PCS Coding Example
Procedure	1CD-9CM Procedure Code
Replacement of Right Shoulder Joint with Synthetic Substitute, Humeral Surface, Open approach	0RR.J0J7


The transition to ICD-10 was one that many healthcare policymakers believed was highly beneficial and long overdue.  While there are effects on many stakeholders, there are potential positive implications of these changes which will improve healthcare.  There are many benefits which span the categories of public health, research, quality and performance, policy development, reimbursement, healthcare compliance, healthcare information technology.  
1.1.2.1	Public Health
In relation to Public Health, the United States was the only industrialized nation utilizing an older version of ICD to report health statistics to WHO. Given that the ICD-10 increases specificity, ICD-9 made comparison of health information difficult. This hindrance in monitoring health data put the United States at a distinct disadvantage when monitoring disease data and subsequently responding to public health emergencies.​[9]​  
1.1.2.2	Healthcare Research
Healthcare research gains significantly from the implementation of ICD-10-CM and ICD-10-PCS. An important part of healthcare research is determining the presence of diseases and any corresponding medical procedures that were performed for that condition.  In many cases, complete patient data is not available, and as a result, research studies are often dependent on implementation systems such as ICD-10. The increased granularity and specificity provides significantly more information to the user not previously available. From this, there is the potential to determine unknown epidemiologic associations. Given the increased interest in population health management, the ability to more accurately document and subsequently manage populations through use of ICD-10-CM will be of significant benefit to healthcare delivery organizations and insurers.1  
1.1.2.3	Quality and Performance
As healthcare undergoes a transformation with an increased focus on quality and performance, ICD-10 will play a significant role in monitoring and controlling outcomes.  This new updated coding system will provide a greater ability to better measure and evaluate quality of patient care and outcomes in patient populations.  More complete data will be available to providers and payers as a result of increased specificity and presence of information on disease severity and comorbidities.  As a result, stakeholders will be able to take additional specificity factors and diseases severity factor into account care and in measuring, evaluating, and holding providers accountable for health outcomes.9
1.1.2.4	Policy Development
Considering the significant advances in medical and surgical treatments since implementation of ICD-9-CM, an update to number of available procedure codes through ICD-10-PCS, will provide the ability to more accurately document procedures performed. As a result, there will be improved data on procedure costs, procedure efficacy, and outcome of care.9  There is the potential for improved medical decision making and development of policies which encourage use of low-cost and highly effective medical interventions.
1.1.2.5	Reimbursement
Healthcare delivery organizations are heavily dependent on the use of ICD for reimbursement. When ICD-9-CM was developed, it was not intended for the purpose of obtaining reimbursement. In contrast, the ICD-10 system has been developed for use with reimbursement.9 Given the shift from fee-for-service to implementation of value-based reimbursement models, the ICD-10 revision will be of great benefit when determining appropriate reimbursement to providers through development of new policies for new policies and continued refinement of existing reimbursement policies.  The new revision of ICD will allow a lower rate of errors in coding and as a result lower rates of rejected reimbursement claims and more accurate payments. Because of this, there will ideally be benefits to providers through improved accounts receivable.
1.1.2.6	Compliance
Recently, there has been an increased focus on healthcare compliance. Healthcare compliance can be better enforced through ICD-10.  As ICD-10-CM is more specific, diagnosis and procedure coding can be more easily compared to clinical documentation. Because of this, there is the potential to better detect fraud and abuse.9 The opportunity for hiding fraud through misleading and ambiguous coding will be greatly reduced.  
1.1.2.7	Information Technology
Healthcare has become heavily dependent on information technology. Given the increased use of healthcare information technology systems, and meaningful use requirements, the upgrade to ICD-10 will be beneficial. The revised ICD-10 system maps effectively and has high correlation to Systematized Nomenclature of Medicine--Clinical Terms (SNOMED-CT) terminology which many healthcare IT systems utilize for computer-assisted-coding.  Computer-assisted-coding (CAC) uses natural language processing to scan documents to determine appropriate medical codes.  As a result, ICD-10 usage ensures that the CAC system is more accurate and consistent, leading to fewer errors which positively impacts all previously discussed categories.​[10]​
1.1.3	Implementation Timeline
While there are numerous benefits of adopting the ICD-10-CM and ICD-10-PCS system, efforts to implement ICD-10 have been in place for a long period of time. There have been numerous delays before its final implementation on October 1, 2015.  Efforts for implementation started in 2003, nearly ten years after the World Health Organization adopted ICD-10, when the National Committee for Vital and Health Statistics (NCVHS) recommended that Health and Human Services adopt 1CD-10-CM and ICD-10-PCS coding systems.  In 2008, a proposed implementation date of October 1, 2011 was published in the Federal register. In January 2009, the Department of Health and Human Services published a final rule, with compliance on October 1, 2013. However, three years later in 2012, Health and Human Services changed the compliance date to October 1, 2014.  On April 1, 2014, the Congress enacted Protecting Access to Medicare Act of 2014, which stated that the ICD-10 shall not be adopted until October 1, 2015.​[11]​ 
In order to allay further concerns about detrimental ICD-10 impact on physicians the American Medical Association and Centers for Medicare and Medicaid Services released a joint statement outlining an agreement on a one-year grace period after ICD-10 implementation. This agreement also aimed to eliminate efforts to further delay ICD-10 and solidify the October 1, 2015 date.  This document had four main points. First, during the first 12 months, claims will not be denied due to lack of specificity as long as the code used is the from the appropriate family of codes for disease in question. Second, quality reporting penalties would not be assessed on providers, including the Physician Quality Reporting System (PQRS), value-based payment modifier, and meaningful use.  Third, if CMS was unable to process claims for Medicare due to ICD-10 coding, advance payments will be made to providers.  Lastly, a CMS administered communication center would be established to resolve ICD-10 related issues.​[12]​  
1.1.4	Implications for Healthcare Delivery
While ICD-10 is argued to have many benefits, the transition from ICD-9-CM to ICD-10-CM, presents challenges to healthcare delivery.  The implementation of ICD-10-CM has added to the current theme of disruption in healthcare.  When examining ICD coding transition, there is little correlation between ICD-9-CM and ICD-10-CM. It has been estimated that there is as little as a 25% correlation from ICD-9-CM to ICD-10-CM codes.1 Therefore, for any one ICD-9-CM code, there is no one direct replacement in ICD-10-CM. Rather one ICD-9-CM could be substituted with numerous ICD-10-CM codes depending on various factors such as comorbidities, episode of code, and anatomical laterality. This code specificity requires providers to document conditions more carefully, with more detail than before. In order to meet these challenges, physicians will need to receive education on ICD-10. This challenge has not only added complexities to clinical providers, it has added additional responsibility to the administrative staff as well. Administrative personnel most affected by the changes are medical billers, coders, and other members of the revenue cycle team who are held ultimately responsible for correct documentation and submission of claims for reimbursement. As with physicians, education is required to re-train coders on appropriate coding. Another aspect which made the transition process difficult is integration high dependence on information technology which was previously not the case with earlier revisions.  As a result, every IT system which interacted with ICD needed to be revaluated and reengineered to adjust to the new system. 
1.1.5	Stance by Professional Organizations
	The transition to ICD-10 has received both support and opposition by various interest and professional groups.
The transition has increased support by the American Hospital Association. The American Hospital Association official position is as follows:  “The AHA strongly supports the Oct. 1, 2015 ICD-10 compliance date and opposes any steps to delay this implementation date. A dual coding system running ICD-9 and ICD-10 codes simultaneously is unworkable.” The AHA primarily supports the transition as it believes that transitioning to ICD-10 facilitates necessary modernization of billing systems, replaces an outdated system which has “run out of room” ; provides means for effective monitoring of resources;  improved clinical, financial and administrative, and public health evaluation; and the belief that CMS has adequately prepared for Medicare reimbursements.  The American Hospital Association has stated that the hospitals it represents are highly confident of their ability to report in ICD-10 for the proposed October 1 date, and are continuing to prepare for the transition. Additionally, the AHA has taken the stance that further delays will be detrimental to hospital finances. Hospitals have made spent significant financial capital to prepare for the October 2014 implementation date, which was delayed. As a result, the delay resulted in duplicate efforts to prepare and increased training costs by an estimated $1,361 dollars per bed.  The delay also required hospitals to revert systems and operations back to ICD-9, leading to disruption. The additional capital spent for duplicate efforts to transition to ICD-10 could have been otherwise spent on other efforts to reform healthcare.  The AHA maintains that dual coding will lead to additional confusion and will raise costs.​[13]​  
The American Health Information Management Association (AHIMA) has also supported the implementation of ICD-10. It opposed further delay of ICD-10 from October 1, 2015. AHIMA has stated the delays increase costs for the healthcare industry, upwards into the billions not including lost benefits from implementation.  AHIMA has stated that economic costs and time associated with the transition were far less than the estimated.  Additionally, the association has conducted surveys which demonstrate that there is increased acceptance of the benefits to the utilization of ICD-10.​[14]​
On the other hand, the transition has received opposition from the American Medical Association.  The opposition stems from the belief that the transition places significant burden on physicians to meet implementation requirements, and the high implementation costs associated with implementation. The President of the AMA, Steven Stack, MD has advocated for the abandonment of ICD-10 implementation, and has gone on the record as stating “ Let’s just get to ICD-11 and get it done properly.” “We believe the problems associated with ICD-10 are so substantial, our policy is we should not move forward with ICD-10”.​[15]​
1.1.6	Further Development
	While the ICD-10-CM and ICD-10-PCS have recently been implemented in the United States, the next revision of ICD, ICD-11 is currently being developed with a target finalization in the year 2018.  As the revision is being developed in the age of widespread EHR adoption, ICD-11 will be ready for integration with health record and information systems when finalized.​[16]​ One important enhancement to ICD-11 is even greater integration with SNOMED-CT than ICD-10.  It is estimated that it will take seven to ten years after this date for implementation to take place in the United States.1 
2.0 	CASE STUDIES: Allegheny health network and heritage valley health system
In order to further understand the ICD-10 transition process, the transition at two local healthcare delivery systems in the Western Pennsylvania area were profiled. The two local healthcare institutions which were profiled were the Allegheny Health Network, and Heritage Valley Health System. These two organizations were chosen in order to compare and contrast the transition experience in systems with different characteristics.  The Allegheny Health Network is a large system in size, is an academic medical center, and is a newly formed organization. Heritage Valley Health System is significantly smaller system, a community oriented healthcare system, and is an established organization.    Each healthcare organization’s experience has been documented after interviews with its designated healthcare executives who spearheaded the transition process. 
2.1	Allegheny health network
Allegheny Health Network is a large academic medical center serving Western Pennsylvania, New York, Ohio and West Virginia. The system consists of eight hospitals with a total of 2400 licensed beds and 82,000 annual discharges. The system has six outpatient surgery centers, three outpatient health and wellness centers, and 200 outpatient physician practices. The system employs and/or affiliates with approximately 2800 physicians, and employs 17,500 associates.​[17]​  
The effort to transition to ICD-10 at Allegheny Health Network began in October 2011. The effort had executive sponsorship by the Chief Financial Officer, and Vice President, Health Information Management and Coding. While the project was sponsored by these two executives, many parties had an influence in the transition including individuals from the Information Technology departments, Health Information Management departments, Clinical personnel (e.g. Nursing and Pharmacy leadership), and physician staff (both employed and independent practices). The transition followed a formula called PPSI consisting of the elements- People, Process, and Systems Inventory (C. Smith, personal communication, February 11, 2016). 
The systems inventory component involved performing a systems inventory assessment to determine inventory of all systems which were to be involved in ICD data transactions.   From this data a roadmap was produced of the various systems which were affected by the transition and a readiness assessment was performed on each system. Afterwards, necessary changes or workarounds were made if systems did not support ICD-10.  Various types of testing were performed including unit testing (assessing proper ICD-10 usage within an individual organizational unit such as pharmacy), functional testing, which involved end users validating functionality of ICD-10, and end-to-end testing which involved verifying transmission and receipt of ICD-10 to outside third parties such as insurance companies.  Testing and implementation was complicated as each hospital within Allegheny Health Network had varying IT systems including varying EHR vendors. Furthermore, some hospitals were further along in implementation and usage of healthcare information technology than others within the system. Notably, Forbes Hospital, was completely paper based and had no electronic IT presence until 2015. In this case, in order to bring the hospital up to date and meet meaningful use requirements an EHR system was implemented in early 2015 and was transitioned to ICD-10 on October 1.  Additionally, some hospitals joined Allegheny Health Network during the planning period. One example of a hospital which joined was Jefferson Hospital.  While Jefferson Hospital had its own effort underway before acquisition and integration, further support was provided to Jefferson by AHN during the integration process to ensure that it would successfully transition (C. Smith, personal communication, February 11, 2016).  
The people component of the transition formula was based on educating the individuals directly impacted by the transition. The main group of individuals involved were the physicians who received ICD-10 education in the form of webinars, face-to-face education sessions organized by the health network, and educational events organized by the chair of each medical department. The Billing and coding staff received regular training on ICD-10. Because of the numerous delays in ICD-10 implementation, duplicate efforts took place to retrain the billing and coding staff, and additional just-in-time training was needed before final implementation (C. Smith, personal communication, February 11, 2016).  
The process component of the transition formula was based on preparing for the transition by modifying existing processes. One such effort in modifying processes included dual-coding conditions in ICD-9-CM and ICD-10 beginning in 2012.  A second example involved physicians in the outpatient physician office setting. The superbill, which is an itemized form listing commonly rendered services, for the various specialties were taken and crosswalk documents were generated. These crosswalks served to provide necessary information on the appropriate ICD-10-CM codes to use for the commonly used conditions.    Shortly before the October 1, 2015 deadline, a phone hotline was setup with ICD-10 trained coders to assist physicians in properly coding medical conditions to avoid disruptions in processes (C. Smith, personal communication, February 11, 2016).  
Analysis of the transition at AHN indicates that the switch to ICD-10 went better than expected.  Estimates from third party consultants at AHN indicated that productivity was expected to drop 35-50%.  Actual productivity dropped for the period immediately following October 1, 2015 was 11%, with a rebound in productivity shortly thereafter.  The ICD-10 coding hotline experienced low call volume, described as a “trickle”.  It was reported that physicians had an overall favorable reaction to the transition and many did not experience as many issues as expected. (C. Smith, personal communication, February 11, 2016)
2.2	Heritage valley health system
Heritage Valley Health System is a comprehensive integrated delivery network serving western Pennsylvania, eastern Ohio, and the panhandle of West Virginia.  The system is composed of two hospitals, 60 outpatient physician offices, and 18 outpatient satellite facilities.  Heritage Valley has 450 affiliated physicians, and 3,700 associates.​[18]​ 
The planning efforts for ICD-10 transition began in 2013.  Efforts were coordinated by eight team members including leadership of physician practices division, information technology, and patient financial services.  These eight team members met periodically with senior management to provide an update on progress of transition efforts.  Early on, efforts were made to assess the technology infrastructure. Efforts were taken to understand the impact of ICD-10 on approximately 19 individual IT systems including vendor support.  In addition, a current state assessment was performed to understand the various processes in the inpatient setting, outpatient setting, emergency room, and physician practices. Efforts were made to map out workflows to determine where ICD is involved, and determine necessary steps to transition to ICD-10 (A. Keil, L. Lang, R. Swaskoski, personal communication, February 12, 2016).
In order to educate staff and physicians, a steering committee was set up for training and education, consisting of leaders from departments of case management, clinical informatics, and organizational change. Training of clinical staff and administrative staff was facilitated by in-house providers and third-party providers depending on the staff members. Training of physicians was provided by a third-party company, J.A. Thomas & Associates. The company provided face to face classes which were taught by physician faculty. The training from a physician standpoint allowed for a greater acceptance.  J.A. Thomas & Associates also provided online training modules tailored towards inpatient settings, outpatient settings, and clinical specialties. Case specific examples were also provided. Other providers including pharmacists received a lower scope of ICD-10 training called awareness training.  Training was also provided to other staff members. For instance, those in medical records and coding departments were given training through ICD-10 intensive boot camp training by an outside third party provider.  Medical group practice managers were provided awareness training from J.A. Thomas& Associates. Additionally, members of ambulatory services were provided web seminars facilitated by in-house clinical analysts.  In addition to courses, other strategies were used including educational screensavers utilizing power point slides, and ICD-10 pocket cards for providers (A. Keil, L. Lang, R. Swaskoski, personal communication, February 12, 2016).
	Approximately four months before ICD-10 implementation, dual coding of ICD-9 and ICD-10 was implemented. Shortly before implementation, the decision was made not to implement a command center setup with 24 hour, 7 day a week coverage due the significant level of preparation that took place.  Instead, any needed assistance was to be provided by staff including clinical documentation specialists, Emergency Department patient flow supervisors, and coders (A. Keil, L. Lang, R. Swaskoski, personal communication, February 12, 2016).   
	The outcomes were largely positive.  A productivity decrease of 40% was expected, however actual productivity loss was far less. Any productivity losses were quickly regained. Financial measures also indicated a smooth ICD-10 transition. The quarterly days in accounts receivable, which was believed to increase if ICD-10 implementation was eventful, remained at similar levels (N. Mitry, personal communication, February 12, 2016). Coding accuracy was reported to be highly accurate with dual coding of ICD-10 and Medicare DRG codes mirroring 98% of the time.  In addition, staff attitudes were positive.  Notably, the physicians had a positive attitude regarding the transition.  While physicians were not thrilled with the fact that they were subjected to the ICD-10 transition, the physicians believed that the experience was less traumatic than expected. This was largely due to the fact that physicians were assured that any negative impacts through penalties were delayed by CMS for the Physician quality reporting system, value-based payment modifier, and meaningful use (A. Keil, L. Lang, R. Swaskoski, personal communication, February 12, 2016).
	Heritage Valley Health System plans to conduct further assessment of ICD-10 implementation in the coming months to compare performance to industry benchmarks. This analysis will be performed by an independent third party organization (A. Keil, L. Lang, R. Swaskoski, personal communication, February 12, 2016).
3.0 	Comparative Analysis
The case studies at Allegheny Health Network and Heritage Valley Health System demonstrated two very different experiences with a common outcome.  The transition at Allegheny Health Network was more complex given its age as a relatively young organization, larger size, and fragmented information technology systems. This contrasts with Heritage Valley Health System which is a smaller, more stable organization with unified information technology systems.  
The strategies of preparing for the transition was similar for both organizations.  In both cases, the healthcare system mapped out key processes and IT systems involving ICD and determined necessary changes.  In determining modifications to IT infrastructure, one key difference was the EHR vendor cooperation. Heritage Valley received significant support and cooperation from the vendor while Allegheny Health Network reported little support and cooperation from vendors.  Educational efforts were reported to be similar between the two health systems. However, the key difference was the extent of use of third-party providers to educate staff and physicians.  Heritage Valley utilized these providers to a significant degree compared to Allegheny Health Network (Table 10).
While there were significant fears about a doomsday scenario due to the ICD-10 transition, the actual outcomes appeared to be to the contrary.  Both systems reported lower drop in productivity levels, with losses quickly regained shortly after implementation. Financial metrics at Heritage Valley Health System also provided evidence to support a smooth transition. Perhaps most importantly similar were the physician attitudes towards transition.  It was the physician interest groups who were resistant to change and drove delays. Interestingly, there were positive attitudes with physicians reporting fewer difficulties than expected. Although the physicians did not like having to adjust to the implementation they weathered the challenge acting in the best interest of their patients ensuring that high quality care was provided while working to ensure that they received the reimbursement they deserved (Table 10).






Table 10. Comparison of Transition process between AHN and HVHS
	Allegheny Health Network	Heritage Valley Health System
Sponsorship	Chief Financial Officer Vice President, Health Information Management and Coding	Physician Practices  Information TechnologyPatient Financial Services
Participants	Information Technology Health Information Management Clinical personnelPhysicians 	Case management Clinical informaticsOrganizational change Clinical staff Physicians
Strategy	People Process Systems Inventory	IT infrastructure assessment Current state processes assessment EducationDual coding
Year of Preparation	2011	2013
EHR Vendor Cooperation	Very little cooperation	Significant cooperation
Existing IT infrastructure	Variation in EHR vendors among hospitals	EHR vendor uniformity among hospitals
Education	Coordinated in-house	Third-party solutions





In order to further study the ICD-10 transition, it would be beneficial to follow up after one year to determine if the benefits of this transition are fully realized.  It is very well possible that providers are using inappropriate codes either less descriptive codes lacking sufficient information on various attributes including specificity, laterality, and episode of care. Additionally, providers could be choosing unspecified codes within each disease family.  This could be done in the interest of simplicity and time. These behaviors would counteract the reasoning for ICD-10 implementation. Studies should be performed to look at the top utilized codes across various medical specialties.  This can be accomplished through  variety of ways. One such way is a retrospective review of superbills and insurance claims data. This can be done at both the individual institution, regional and national level.  Studies to examine the effect of the lapse of the one-year Medicare grace period should be performed to see if there has been a significant effect on claims reimbursement. Furthermore, longitudinal studies should be performed to examine coding behavior over time.
4.0 	CONCLUSION
There is overwhelming evidence to support the conclusion that the transition to ICD-10 provides a significant benefit to all health associated fields including clinical care delivery, research, public health, and healthcare administration. The increased information gained in the new revision will provide greater information through greater coding specificity accounting for laterality, episode of care, and accompanying comorbid conditions. The addition of new codes for previously unrecognized diseases will also improve coding accuracy. These resulting gains will improve healthcare delivery, public health and related fields. Irrespective of the many benefits, the time had come for the United States to catch up to the rest of the world which had implemented this newest revision of ICD many years earlier.  The accelerated healthcare reform environment in the United States also necessitated the transition to a modern coding system which accounted for the changes in healthcare since ICD-9 implementation in the latter part of the 1970’s. Although there was evidence for significant benefit and support from many stakeholders including the American Hospital Association, implementation was delayed to significant resistance from the medical interest groups, notably the American Medical Association. Post-transitional surveys are starting to indicate that the transition to ICD-10 was better than expected with limited challenges faced by healthcare delivery organizations and payer organizations.
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